The objective of the study was to explore the dynamic effects of socioeconomic status (SES) and lifestyle behaviors on the risks of metabolic syndrome (MS) or cardiovascular disease (CVD) in life course. The data of 12,825 subjects (6616 males and 6209 females) who underwent repeated examinations and answered repeated questionnaires from 2006 to 2014 at the Major Health Screening Center in Taiwan, was collected and analyzed. The trajectory of trends in the subjects' SES and lifestyle mobility over time was observed, and the effects of factors with potential impacts on health were tested and analyzed using multiple logistic regression and a generalized estimated equation model. A 10% increase in MS prevalence was observed over the nine-year period. The average Framingham CVD score for people with MS was estimated to be about 1.4% (SD = 1.5%). Except for middle-aged women, marriage was found to raise the risk of CVD, whereas increasing education and work promotions independently reduced CVD risk for the majority of subjects. However, the risk of CVD was raised by half for young men who had a job or lost a job in comparison to continuously unemployed young men. Physical activity was only found to be advantageous for disease prevention in those aged less than 40 years; increased exercise levels were useless for reducing CVD risk among older men. Alcohol drinking and betel chewing caused increased CVD risk in the old and young subjects, respectively, whereas vegetarian diets and vitamin C/E intake were helpful in preventing CVD, even if those habits were ceased in later life. For middle-aged women, getting sufficient sleep reduced CVD risk. We concluded that SES and lifestyle behaviors may have different effects on health over time, among various populations. Accordingly, suggestions can be provided to healthcare workers in designing health promotion courses for people at different life stages.
Introduction
Metabolic syndrome (MS) is characterized by multiple cardiovascular risk factors and causes health problems for individuals, as well as burdens on health care systems. The prevalence of MS appears to be rising due to increasing obesity rates and aging populations [1] [2] [3] [4] [5] [6] [7] [8] [9] . The potential factors underlying MS have been linked with demographic characteristics and lifestyle behaviors, such as smoking, drinking, dietary behaviors, and physical activity [10] [11] [12] [13] . Antioxidants (e.g., vitamin C and vitamin E) have also been reported to be associated with a reduced risk of MS. Relatedly, a deficiency in plasma vitamin C is associated with reduced fat oxidation during aerobic exercise [13] [14] [15] [16] . Moreover, socioeconomic status (SES) may have a strong association with cardiovascular disease (CVD) and poor metabolic indicators, whilst associations between MS and income, occupation, and education have been observed in several cross-sectional studies [17] [18] [19] [20] . Nonetheless, a Korean study reported that the causal relationship between SES and both risk of MS and Framingham risk score (FRS) is unable to be established with a cross-sectional study [21] .
It is therefore expected that exposure to socioeconomic or behavioral adversities during life also increases an individual's long-term cardiovascular risk. The accumulation of risk model advocates that increasing the number, duration, and severity of adverse events over the life course increases the risk of disease development [22, 23] . The concept of social mobility refers to the degree of SES stability or change in the trajectory of an individual's life course itself [24] . Hoffmann et al. suggested that a life course approach can contribute to a better understanding of how a reciprocal relationship between affected factors and health changes over different life stages [25] . A study conducted in the USA found that the risk factors of CVD trajectories may be determined early in life, and that the effects of SES on risk may be long lasting, even as upward SES mobility may lead to some reduction of risk in young adults [26] . Using different SES indicators over different life stages, a recent Brazilian study reported that a life course with persistent low SES may also affect the 10-year CVD risk via the accumulation of risk and lack of social mobility [27] . However, this effect may differ across genders. Meanwhile, an earlier longitudinal study from Taiwan, which utilized data from health check-ups, found a 12.5% 5-year cumulative incidence of MS and a raised occurrence of MS in women with low education as they became older, in addition to finding that SES exhibited a greater influence on women than on men, in general [28] .
Nonetheless, there is a lack of evidence as to whether the adverse SES and lifestyle behaviors simultaneously increase the risk of MS or CVD over time, as well as to whether any such increases to risk can be reversed when adverse conditions are improved upon in later life stages. Therefore, the current study used data from a large database of health check-up data to investigate whether exposure to changes in SES or lifestyle habits over the course of life are associated with MS or the 10-year risk of CVD.
Materials and Methods

Data Source
The study collected and analyzed data from the Major Health Screening Center in Taiwan. The center is a membership-oriented private institute with four clinics located around the country. These clinics provide periodic health examinations to the center's approximately 610,000 members. Each member participated in a check-up program that offers a discounted examination fee for coming back to receive the examination repeatedly over multiple years. The data collection and analysis of the resulting Major Longitudinal Health-check-up-based Population Database (MJLPD) has been described in detail elsewhere in References [28, 29] . The MJLPD database is made accessible to academic researchers upon request. Owing to usage of the data therein, entailing various ethical issues, the protocol of this study was evaluated and agreed to by the Research Ethics Committee, National Taiwan University (NTU-REC 201612ES009) and the Major Health Screening Center.
Study Sample
We conducted a longitudinal study of participants who underwent at least one standard health screening at the Center in each of three three-year stages/periods (i.e., 2006-2008, 2009-2011, and 2012-2014) , from 2006 to 2014. All the participants with any missing questionnaire or examination data were excluded from the study. A final total of 12,825 subjects (6616 males and 6209 females) met the inclusion criteria for analysis. For those subjects who underwent multiple screenings in any three-year period, we selected the last examination for our analysis. Therefore, three questionnaires and examination measurements were collected for each participant during the overall nine-year period.
The average individual follow-up duration was 5.45 years (with a standard deviation of 0.76 years). The intervals between any two measurements ranged from one year to three years.
Response Variables
In our study, MS was defined according to the modified ATP III criteria [30] and the official criteria announced by National Health Promotion Administration in Taiwan. The diagnosis of MS was made when 3 or more of the following were present: Waist circumference ≥ 90 cm in men and ≥80 cm in women; fasting glucose ≥ 100 mg/dL (5.55 mmol/L) or use of antidiabetic medication; systolic blood pressure (BP) ≥ 130 mmHg, diastolic BP ≥ 85 mmHg, or use of antihypertensive medication; fasting triglycerides ≥ 150 mg/dL; and high-density lipoprotein cholesterol <40 mg/dL in men and <50 mg/dL in women. To study the effects of MS on health over time, we created the following three-category indicator of ongoing MS status for the three stages, for those without (or with) MS initially: Stable health, worse (or improved) health, and unstable health. Worse health was defined as the occurrence of MS in the second and/or third stage, for those without MS in the first stage. In contrast, improved health was defined as recovery from MS over time, for those with MS initially. Individual 10-year CVD risk was estimated by the FRS applied in a Chinese population [31] , which was treated as a continuous variable in this longitudinal study.
Explanatory Variables
The study subjects had each completed a self-administered questionnaire during screening to provide information on their sociodemographic characteristics and lifestyle habits. In addition to sex and age (classified into 20-39 years, 40-64 years, and 65 or more years), we collected data regarding four aspects of SES (i.e., marriage, education, income, and occupation) and nine lifestyle habits including smoking, drinking alcohol, betel nut chewing, physical activity, sleep, vegetarian diet, drinking sweetened beverages, and taking nutritional supplements (i.e., vitamin C/E or fish oil), which are well-documented as constituting related risk factors in past studies. Treatment with medicines such as antihyperglycemic, antihyperlipidemic, or antihypertensive drugs was used to identify MS, which also played the role of confounder in the multi-variable analysis.
Body mass index (BMI, kg/m 2 ) was considered a continuous variable, and different BMI levels were classified according to the definition by the Ministry of Health and Welfare, Taiwan. Neglecting the BMI for underweight individuals (BMI < 18.5), which is not considered a risk factor for MS, three levels of BMI (specifically, <24, 24-6.9 (overweight), and ≥ 27 (obesity)) were used in our analysis.
With regard to SES, the participants were classified into three levels of education attainment: <12 years (lower than high school), 12-15 years, and > 15 years (higher than high school). Individual annual income was divided into three levels: Less than 400,000, 400,000 to 800,000, and > 800,000 (in New Taiwan dollars, NTD). Occupation was classified as unemployed (including students, housekeepers, the retired, etc.), non-management employee, and manager/owner. Married status was classified as married or unmarried. Some lifestyle habits which can be estimated quantitatively by frequency were classified into three levels: None, low (1-6 pack/week), and high (≥7 pack/week) for smoking; none, low (1-6 cup/week), and high (≥7 cup/week) for alcohol consumption; none, low (1-6 cup/week), and high (≥7 cup/week) for sweetened beverage consumption; low (<1 h/week), medium (1-6 h/week), and high (>6 h/week) for physical activity (PA); and low (<6 h/day), medium (6 h/day), and high (>6 h/day) for sleep, respectively. The other habits such as betel nut chewing, vegetarian diet, and taking nutritional supplements were classified dichotomously.
The trajectory of socioeconomic and lifestyle mobility was observed over the course of time. The categories were grouped by measuring the level across the three study stages as follows: Stable, none, or low level in three stages, increasing (i.e., rising level in the second and/or third stage), declining (decreasing level in the second and/or third stage), stable medium/high level across the three stages, and unstable condition. The dichotomous variables were classified as increasing when they occurred in a subsequent stage after being absent initially, whereas they were classified as decreasing when they did not occur in a subsequent stage after being present initially. An individual's level of education accumulates over the life course; thus, there were no declines in this explanatory variable.
Statistical Analyses
The demographic, socioeconomic, and lifestyle characteristics, as well as the physical and biochemical aspects of the study subjects, with or without MS, over the three study stages were first described. Next, we assessed the dynamic associations between MS and demographic, socioeconomic, and lifestyle characteristics with multivariate logistic regression methods. The two groups classified as with or without MS in the first stage, were analyzed separately. Using the continuous status of MS or without MS in the three stages as the baseline, the impacts on improved/worse or unstable health status of MS progression could then be assessed, respectively. Using the stable, none, or low level in the three stages as the baseline, the same approach was also used to identify the trends over time (i.e., increase, decline, or unstable condition), for the explanatory variables. In addition, a promotion in terms of occupation might consist either of getting a job or taking a management position, after being unemployed or in a non-management position in the previous stage. Meanwhile, a subject who got divorced or became a widow after being married in the previous stage was defined as changing to being single, whereas those who got married after being single were defined as changing to being married. The adjusted odds ratios (AOR) and their 95% confidence interval (CI) were estimated using multiple logistic regression. Furthermore, the assessments were stratified according to sex and age, because they were considered possible interaction factors with the other explanatory factors. To observe the longitudinal association of continuous FRS and the potential factors, linear regression models were also fitted in generalized estimated equations (GEE) with a log link function and AR (1) structure. All analyses were adjusted to avoid confounding with individual CVD related medicine treatments. R version 3.2.5 (R Foundation for Statistical Computing, Vienna, Austria. 2016) was used for the aggregation of the data. Dichotomy analyses and the GEE model were performed with SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
Descriptive Statistics
The results of the sociodemographic factors, lifestyle habits, and physical and biochemical examination items, through the three study stages, are shown in Tables 1 and 2 . The prevalence of MS in men and women at the first stage was 31.7% and 12.8%, respectively. An increase in MS prevalence (of approximately 10%) was observed in the following stages. The prevalence of MS for those who were obese (BMI ≥ 27), increased from 67.2% at the first measurement to 76.5% at the last. The average Framingham CVD score was estimated to be about 1.4% (±1.5%), for a person with MS. Table 3 shows the effects of changes in status for related factors, on a person with or without MS over time. The results indicated that men had a two-to three-fold greater risk of getting MS than women in a subsequent stage, after not having it in the first stage. However, there was no difference between men and women in terms of the likelihood of recovery from MS, if they had it during the first stage. Aging increased the MS risk, and it also reduced the probability of recovery from MS. However, there was no advantage in terms of preventing health issues or improving health by reducing BMI when one had been overweight or obese in a previous stage. Gaining further education or an occupational promotion could independently reduce the probability of getting MS by 35% to 55%, compared to having a continuously low education status or unemployment; however, it could not improve the progression of MS for those who had the MS initially.
Association of SES and Lifestyle Habits with Risk of MS or CVD
An adverse impact of continuing to smoke could be observed in subjects who suffered from MS, in that it reduced their probability of recovery by 42%, whereas prolonged drinking could increase the occurrence of MS by 70% compared to not drinking. Maintaining physical activity was advantageous in terms of the prevention and improvement of MS, but it did not have such effects if it was begun after the initial stage. A prolonged vegetarian diet or continued vitamin C/E intake could increase the probability of recovery from MS by 1.8 times and 68%, respectively, in comparison to the absence of these behaviors. The sex-age stratified impacts of changing SES and lifestyle habits on the 10-year estimated risk of CVD are shown in Figure 1 . An estimated value, i.e., relative risk, above one for an explanatory variable indicated that it raised the risk of CVD independently compared to the baseline, with these estimated values being adjusted for medicinal treatment and BMI, as well as the other covariates. Unlike getting married or having a stable marriage, which could decrease the risk of CVD for middle-aged (40 to 64 years old) women by 7% to 28%, marriage was found to be a disadvantage that raised the CVD risk in men and young women. Meanwhile, gaining further education or an occupational promotion could reduce CVD risk for the majority of subjects. However, the risk of CVD was raised by half for young men (aged 20 to 40 years) who had a job or lost a job, compared to continuously unemployed young men. Smoking was found to be harmful for all populations, even if the habit had been ceased. Among the older subjects, a reduction in drinking could decrease the risk of CVD in men by 21%, whereas women who continued to increase their alcohol intake had about 72% of the risk of CVD, compared to women who did not drink at all. Continuous betel nut chewing was a hazard for young men, and ceasing the behavior was good for young women. Irrespective of gender, the advantage of physical activity on prevention was only observed in those aged lower than 40 years, whereas maintaining an exercise routine was useless for reducing CVD risk in middle-aged men. However, daily sweetened beverage drinking could decrease the CVD risk slightly for middle-aged men. Vegetarian diets were also helpful for reducing CVD risk for the older subjects by 17% to 27%, even if the habit was ceased in later stages. Irrespective of age, an advantage of vitamin C/E intake could be observed in men in particular. For middle-aged women, getting sufficient sleep could reduce CVD risk by 10%, but fish oil intake had the opposite effect.
Int. J. Environ. Res. Public Health 2018, 15, x 9 of 15
The sex-age stratified impacts of changing SES and lifestyle habits on the 10-year estimated risk of CVD are shown in Figure 1 . An estimated value, i.e., relative risk, above one for an explanatory variable indicated that it raised the risk of CVD independently compared to the baseline, with these estimated values being adjusted for medicinal treatment and BMI, as well as the other covariates. Unlike getting married or having a stable marriage, which could decrease the risk of CVD for middle-aged (40 to 64 years old) women by 7% to 28%, marriage was found to be a disadvantage that raised the CVD risk in men and young women. Meanwhile, gaining further education or an occupational promotion could reduce CVD risk for the majority of subjects. However, the risk of CVD was raised by half for young men (aged 20 to 40 years) who had a job or lost a job, compared to continuously unemployed young men. Smoking was found to be harmful for all populations, even if the habit had been ceased. Among the older subjects, a reduction in drinking could decrease the risk of CVD in men by 21%, whereas women who continued to increase their alcohol intake had about 72% of the risk of CVD, compared to women who did not drink at all. Continuous betel nut chewing was a hazard for young men, and ceasing the behavior was good for young women. Irrespective of gender, the advantage of physical activity on prevention was only observed in those aged lower than 40 years, whereas maintaining an exercise routine was useless for reducing CVD risk in middle-aged men. However, daily sweetened beverage drinking could decrease the CVD risk slightly for middle-aged men. Vegetarian diets were also helpful for reducing CVD risk for the older subjects by 17% to 27%, even if the habit was ceased in later stages. Irrespective of age, an advantage of vitamin C/E intake could be observed in men in particular. For middle-aged women, getting sufficient sleep could reduce CVD risk by 10%, but fish oil intake had the opposite effect. 
Discussion
Our findings related to the effects of the factors on MS or CVD were consistent with those of past studies. The associations of MS or CVD with gender, age, and obesity have been well-explored [32, 33] . The 10-year CVD risk predicted by FRS has been associated with social adversity during adulthood [34] . In addition to gaining education, the results of the current study indicated that occupation also played a positive role on health over the life course as well. Past studies have reported that socioeconomic adversities in various stages of life were associated with CVD incidence during adult life [35] , as well as with a higher prevalence of risk factors for CVD [23, 36] . Andrade et al. also suggested that low social class does not translate into a higher risk of CVD, among those who achieved a better SES in adulthood. The benefits of occupation to health may be linked to psychosocial stress [26] . Danese and McEwen suggested that chronic exposure to psychosocial stress through the life course triggers a subclinical atherosclerotic condition, which may promote CVD [37] . Therefore, we considered that getting a job or a promotion in occupation may increase the capability of an individual to improve his or her personal living and psychosocial conditions. Moreover, an individual's awareness regarding quality of life will be raised with increasing educational attainment. Thus, both getting a job/promotion and increasing educational attainment could be advantageous for the prevention MS or CVD. Nonetheless, we found that these two factors did not help a person with MS recover to from it over several years. These results imply that good SES could be a protective factor against rather than a treatment for MS. On the other hand, we also found that having an occupation increases CVD risk in young men. This relationship could stem from young men finding it harder to endure the stress from work or other responsibilities than other populations. Further research could focus on taking stress measurements of young workers as they engage in work, to clarify this issue further. The advantage of stable marriage status also was found among the middle-aged women in our study. Karlamangla et al. found that the association between SES and cardiovascular risk accumulation was stronger in women than in men [25] . Relatedly, women who experienced a marital loss have a higher risk of CVD in late midlife, compared to continuously married women. Emotional distress and socioeconomic status account for the higher CVD risk among divorced women [38] . We suspect that as children reach adulthood and household-related workloads diminish, the stresses middle-aged married women have due to family concerns are alleviated, whilst also allowing these women to focus more on their own well-being. At the same time, family support can help these women feel better in terms of emotional satisfaction and safety, which may improve their psychological and physical health. In addition, the results of our study also indicated that getting sufficient sleep is also a protective factor for middle-aged women. Past studies have indicated that sleep disturbances can increase sympathetic activity, provoke systemic inflammation and oxidative stress, and impair vascular endothelial function. Moreover, short sleep durations and poor sleep quality have adverse effects on metabolic and hormonal processes, contributing to increased cardiovascular risk [39] . A recent European survey found that women's sleep was more troubled by the presence of children in the home and having an unemployed partner, whereas men's restless sleep was associated with their own unemployment and worries about household finances [40] . Those findings might explain our own findings that marriage can be a disadvantage in terms of CVD prevention in men, whilst being an advantage for middle-aged women. Taylor et al. suggested that women have a heightened biological sensitivity to SES [41] . Middle-aged women may gradually lose some of the protective effects they receive from estrogen as they pass through menopause, thus making them more susceptible to the effects of exposure to CVD risk factors in comparison to women in other life stages. Therefore, good social support and life conditions can play a more critical role in disease prevention in middle-aged women than in other populations.
The beneficial effects of physical activity in terms of the prevention and treatment of cardio-metabolic disorders are well-documented [42] . The current study further reveals that physical activity is helpful for the prevention of MS and CVD in young people. These results implied that exercise habits should be established relatively early, as the health disadvantages brought by insufficient exercise in early life cannot be diminished by increasing physical activity in later life.
A British cohort study concluded that regular physical activity was associated with lower markers of inflammation over 10 years of follow-up, and that such activity may be important in preventing the pro-inflammatory state seen with ageing [43] . A recommendation from the American College of Sports Medicine and the American Heart Association was that all healthy adults aged 18 to 65 years engage in moderate-intensity aerobic (endurance) physical activity, for a minimum of 30 minutes on five days each week or vigorous-intensity aerobic PA for a minimum of 20 min on three days each week [44] .
Past studies have reported the adverse effects of habits such as smoking, drinking, and betel nut chewing on health [32, 45] . The present study finds that drinking primarily increases risk for MS or CVD in older individuals. Relatedly, decreased risks of MS and CVD can also be found in older men who quit drinking later in life. We considered that older people may be more vulnerable in general worsening health conditions. As such, quitting unhealthy habits may be more effective for them in terms of preventing them from getting CVD. In addition, the intake of supplements such as vitamin C/E or eating a vegetarian diet can also reduce the probability of CVD occurrence, especially in older individuals. These dietary habits have also been found to ease the suffering of those with MS. Relatedly, excessive oxidative stress has been most strongly implicated in chronic diseases such as CVD [46, 47] . As such, the dietary intake of antioxidant agents, such as vitamin C, is associated with a lower risk of both MS and CVD [13] . Meanwhile, a Chinese study reported that vitamins C and E intake decreased with elevated numbers of MS components [14] . The current study found that the intake of those antioxidants in the diet or in nutritional supplements may be essential for health, particularly in men. The US recommended dietary vitamin C (vitamin E) intakes are 90 mg/day (15 mg/day) and 75 mg/day (15 mg/day) for male and female adults, respectively, and these levels of intake may effectively reduce the risk of MS [48] . The best sources of vitamin C are citrus fruit, dark green leafy vegetables, peppers, and dietary supplements. Natural vitamin E mainly comes from vegetable oils, unprocessed cereal grains, nuts, fruits, and vegetables [49] . Our findings also revealed that fish oil intake may not be advantageous in terms of preventing CVD, and that it may even, in fact, be harmful to health for middle-aged women. Further studies of the relevant etiological mechanism may be needed, but it is also possible that some of the study subjects misinterpreted the questions regarding fish oil intake included in the questionnaire.
The present study had several strengths. By using a large sample, it was able to explore more potential factors in its analysis, whilst also ensuring less variance, especially as it was a stratified study. The longitudinal design allowed us to simultaneously observe the changes in outcomes and their relevant factors over time, allowing them to be analyzed for their dynamic cause-effect associations, which have been less fully explored in past studies. Steele et al. suggested that the adoption of continuous risk scores seems to be plausible because such scores are statistically more sensitive and less susceptible to errors than dichotomous approaches [50] . By estimating two non-disease outcomes, i.e., dichotomous MS and continuous FSR, this study was also able to compare and elucidate the evidence associated with those outcomes, whilst exploring the early prevention strategies for sub-optimal health conditions. However, the approach of the current study had two key limitations. The first consisted of the effects of the selected institution itself. As the participants in this study were members of the medical facility who were apparently healthy adults, the prevalence of MS and FRS values among them may have been underestimated. Moreover, since the sample was not sampled randomly from the entire population of Taiwan, the results of the study should be interpreted with caution. Second, only the data for three examinations over nine years was collected and analyzed for each subject in the study, and even though data for each examination was collected, the status at the first examination is not truly representative of the initial status of each subject over his or her full life course. In other words, due to the lack of records from before the first examination, the study can only estimate the risk factors of intragenerational mobility at different life stages, rather than for the whole life. Intragenerational mobility is defined as the stability or change in SES over an individual's life course, for example, from early adulthood to later adulthood [24, 51] . Nonetheless, our findings do add some relevant knowledge regarding prevention. To reduce suffering due to MS or CVD, exercise habits should be developed relatively early in life and then maintained continuously. Furthermore, psychological training for stress control may be needed for young people as they engage in a job. In addition to avoiding obesity and unhealthy habits, maintaining stable family relationships, and getting sufficient sleep can diminish the risk of CVD for middle-aged women. Specific dietary habits such as taking vitamin C and E supplements and maintaining a vegetarian diet on a continuous basis are beneficial to health for men and older individuals, respectively.
Conclusions
The study presents evidence indicating that socioeconomic conditions and lifestyle behaviors may have different effects on health among various populations. The results elucidate the dynamic relationship between health outcomes and related factors over time more clearly, which may help people to take more efficient disease prevention measures. Related suggestions can be provided to healthcare workers as they seek to design health promotion courses for populations at different life stages. 
